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METHOD AND APPARATUS FOR COMPRESSION MOLDING 

PLASTIC ARTICLES 



Field of the Invention 

This invention relates to a method and apparatus for compression 
molding plastic articles, such as plastic preforms that are subsequently molded 
10 into plastic containers. 

Background of the Invention 

Various plastic articles, such as plastic closures for containers, have 
been formed by a compression molding process. Some compression molding 

15 machines have a plurality of tools mounted in a circumferential array on a 
rotatable turret in a plurality of opposed coacting pairs. The tools of each pair 
carry opposed male and female mold sections that when closed together form 
a cavity mold for compression molding the desired articles. The turret rotates 
adjacent a machine frame that carries cams for moving the tools of each pair 

20 toward each other during a portion of each revolution of the turret for 
compression molding articles between the tool pairs, and away from each 
other during another portion of the each turret revolution for releasing articles 
molded between the tools and to receive fresh charges of plastic into the mold 
cavities. 

25 So that the opposed pairs of tooling can move relative to each other 

and the turret, the tooling is typically mounted on elongate rods by bushings 
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and bearings to permit slidable movement of each half of a tooling pair 
relative to the other half of the pair. A defined clearance is required between 
each rod and its associated bushings and bearings to permit relative sliding 
movement of the mold tooling relative to the rod without undue friction and 
5 typically, to receive a lubricant to facilitate that relative movement. The 
required clearance reduces accuracy in the alignment of the opposed halves of 
the tooling pair and can increase wear of the bushings bearings, rod and other 
tooling components, and the need to maintain lubrication increases the 
maintenance burden for the apparatus. 

10 After the opposed halves of the tooling pair are mated together to form 

a charge of plastic into its desired shape. It is desirable to lock the mated 
halves of the tooling pair together so that the desired compression molding 
force is maintained between the halves of the mated tooling pair without 
having to continually apply an external force to maintain the tooling halves 

1 5 together. However, the plastic being molded will shrink as it cools and cures, 
and it is desirable to reduce the size of the mold cavity in proportion to the 
shrinkage encountered during cooling of the plastic to maintain a desired 
pressure within the mold cavity and acting on the plastic material throughout 
the compression molding process. In view of the relatively high pressure and 

20 force utilized during the compression molding process, it is also desirable to 
provide a mechanism or assembly to protect the tooling and compression 
molding machine in general should a failure occur, such as may happen if a 
previously formed part is not adequately removed from the mold tooling, or if 
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an overly large plastic charge is delivered into a mold cavity, for example. 
Summary of the Invention 

The present invention embodies a number of different aspects, which 
can be implemented separately from or, more preferably in combination with 
each other. 

A method and apparatus for compression molding plastic articles 
include a plurality of tools mounted in opposed pairs with the tools of each 
pair including opposed first and second actuators that define a mold cavity in 
which a charge of plastic is compression molded. The tooling is preferably 
carried by a rotary turret so that first and second actuators of each tooling pair 
are moveable relative to each other between an open position permitting 
formed articles to be removed from the tooling and to receive fresh charges 
of plastic, and a closed position to compression mold the charges of plastic. 

In one presently preferred aspect of the invention, the apparatus 
includes linear bearings upon which the first and second actuators of each 
tooling pair reciprocate relative to each other between open and closed 
positions. The linear bearings preferably comprise rails connected to a base, 
such as a turret, and one or more blocks slidably engaging the rails and 
carried by the actuators. The blocks preferably include preloaded and 
recirculating balls in such a manner that at least a plurality of balls are 
constantly engaged with the rails eliminating any clearance or gap between 
the blocks and rails as the tooling reciprocates relative to the turret. 

Also, in accordance with another presently preferred aspect of the 



invention, each tooling pair of the apparatus includes a lock assembly that is 
operable to hold the first and second actuators together in their closed 
position when desired. Desirably, the lock assembly includes a locking rod 
carried by either the first or second actuator and a slide bar carried by the 
5 actuator that does not carry the locking rod. In one presently preferred 
implementation, the locking rod extends along a center line of the reactive 
forces tending to separate the closed halves of the tooling pair and is received 
in a complementary bore in the opposing actuator of the tooling pair when the 
actuators are in their closed position. The slide bar is selectively engaged 

10 with the locking rod to prevent withdrawal of the locking rod from the 
adjacent actuator and thereby maintain the first and second actuators together 
in their closed position. Desirably, the slide bar can be moved into and out of 
engagement with the locking rod by suitable cam mechanisms. Accordingly, 
rotation of the turret can selectively engage a follower associated with the 

15 slide bar with appropriate cam surfaces to move the lock slide into and out of 
engagement with the locking rod. Desirably, each tooling pair defines a 
plurality of mold cavities to simultaneously compression mold a plurality of 
plastic articles, and a single lock assembly can be used to maintain the 
actuators of each tooling pair together. 

20 Also, in accordance with a further presently preferred aspect of the 

invention, each tooling pair includes at least one fluid cylinder adapted to 
absorb over-travel of a mold section to prevent damage to the tooling such as 
during a crash or other malfunction during the molding cycle. For example, 
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if a previously compression molded article is not removed from a mold 
cavity, the volume taken up by that formed plastic article will interfere with 
the formation of a subsequent charge of plastic introduced into the cavity 
resulting in increased forces within the mold cavity that can damage the 
5 tooling and/or the compression molding apparatus generally. Each tooling 
pair preferably includes a shear plate associated with a mold section carried 
by one of the actuators to protect the tooling. The shear plate is designed to 
break and release the mold section if unusually high forces are applied to the 
mold section to prevent damage to the mold section and actuators, as well as 

10 the machine frame and cams of the apparatus. 

Also desirably, in accordance with another aspect of the invention, a 
cylindrical sleeve is slidably carried by one of the actuators and is adapted to 
engage, receive and guide a portion of a mold section to positively align the 
mold section with the mold tooling of the other actuator. In one preferred 

15 implementation, the cylindrical sleeve includes a circumferentially 
continuous tapered alignment surface adapted to be engaged by a mating 
tapered surface on the opposed mold section to locate and align the opposed 
mold section relative to the mold cavity. The cylindrical sleeve is preferably 
yieldably biased, such as by one or more springs, to an extended position to 

20 facilitate engagement with the opposed mold section and can be slidably 
axially retracted against the biasing force if engaged by the opposed mold 
section to prevent damage to the mold tooling. 
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These and other objects, features, advantages and aspects of the 
presently preferred method and apparatus for compression molding plastic 
5 articles will be apparent from the following detailed description of the 
preferred embodiments and best mode, appended claims and accompanying 
drawings in which: 

FIG. 1A is a perspective view of one presently preferred embodiment 
of an apparatus for compression molding plastic articles; 
10 FIG. IB is a side view of the apparatus of FIG. 1 A; 

FIG. 2 is a plan view of one tooling pair utilized in the compression 
molding apparatus of FIG. 1; 

FIG. 3 is a cross-sectional view of the tooling pair taken along line 3- 
3 in FIG. 2; 

15 FIG. 4 is a perspective view of a first actuator of the tooling pair; 

FIG. 5 is a cross-sectional view of the first actuator taken generally 
along line 5-5 in FIG. 4; 

FIG. 6 is a side view of the first actuator; 

FIG. 7 is a cross-sectional view of the first actuator taken along line 7- 
20 7 in FIG. 6; 

FIG. 8 is a perspective view of a second actuator of the tooling pair; 
FIG. 9 is a plan view of the second actuator of the tooling pair; 
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FIG. 10 is a cross-sectional view of the second actuator taken 
generally along line 10-10 in FIG. 9; 

FIG. 1 1 is a fragmentary cross-sectional view of the second actuator 
of a tooling pair illustrating movement of a male mold section relative to the 
5 second actuator; 

FIG. 12 is a cross-sectional view like FIG. 11 illustrating further 
movement of the male mold section relative to the second actuator; 

FIG. 13 is a cross-sectional view like FIG. 12 illustrating continued 
movement of the male mold section relative to the second actuator; 
10 FIG. 14 is an enlarged fragmentary sectional view of the encircled 

portion 14 in FIG. 13; 

FIG. 15 is a cross-sectional view of the second actuator like FIG. 13 
illustrating further movement of the male mold section relative to the second 
actuator; 

15 FIG. 16 is an enlarged fragmentary sectional view of the encircled 

portion 16 in FIG. 15; 

FIG. 17 is a fragmentary cross-sectional view of one male mold 
section of a first actuator with a molded preform thereon; 

FIG. 18 is a fragmentary cross-sectional view like FIG. 17 illustrating 
20 an initial opening of thread splits and a core of the male mold section away 
from the preform; 
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FIG. 19 is a fragmentary cross-sectional view like FIG. 18 illustrating 
further movement of the thread splits toward their advanced position to 
remove the preform from the core; 

FIG. 20 is a fragmentary cross-sectional view like FIG. 17 illustrating 
the thread splits in their fully advanced and fully open positions with the 
preform removed from the core and the thread splits; 

FIG. 21 is a fragmentary cross-sectional view like FIG. 20 illustrating 
the thread splits in their fully advanced and closed position; 

FIG. 22 is a fragmentary cross-sectional view illustrating the male 
mold section and the second actuator during a thread split open crash on a 
mating portion of a female mold section of the second actuator; 

FIG. 23 is a fragmentary cross-sectional view like FIG. 22 illustrating 
further advancement of the male mold section doing the thread split open 
crash; 

FIG. 24 is a fragmentary cross-sectional view of a lock assembly 
carried by the second actuator; 

FIG. 25 is a fragmentary cross-sectional view illustrating the lock 
assembly in its locked position; 

FIG. 26 is a plan view of a slide bar of the locking assembly; 

FIG. 27 is a cross-sectional view of a mold core assembly; 

FIG. 27A is a cross-sectional view taken along the line 27A-27A in 
FIG. 27; 
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FIG. 28 is a diagrammatical view showing the position of various 
cams relative to the rotational orientation of a turret of the compression 
molding apparatus of FIG. 1; 

FIG. 29 is a side view of a pair of cam plates defining a plurality of 
5 cam surfaces used to drive the mold tooling; and 

FIG. 30 is a plan view of the cam plates of FIG. 29. 

Detailed Description of the Preferred Embodiments 

Referring in more detail to the drawings, FIG. 1 illustrates an 
10 apparatus 10 for compression molding plastic articles, such as preforms used 
in forming plastic containers. The apparatus 10 includes a rotatable base or 
turret 12 on which a plurality of tooling pairs 14 are mounted in an endless 
path for rotation with the turret 12 enabling a continuous compression 
molding process. Each tooling pair 14 includes a first actuator 16 with a male 
15 mold section 18 and a second actuator 20 with a female mold section 22 that 
with the male mold section 18 defines a mold cavity 24 in which a plastic 
article is compression molded. Preferably, the apparatus 10 is constructed 
and arranged so that a plastic article is formed in each mold cavity 24 for 
each revolution of the turret 12. An extruder 26 provides molten plastic 
20 charges that are delivered to each of the mold cavities by a distributor 27 
during a portion of each revolution of the turret 12 wherein the first and 
second actuators 16, 20 are separated or opened. 
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As shown in FIGS. 2 and 3, each tooling pair 14 includes an upper or 
first actuator 16 and a lower or second actuator 20. Each first actuator 16 
carries at least one, and preferably a plurality of male mold sections 18 that 
are axially aligned with and linearly reciprocated relative to separate 
5 corresponding female mold sections 22 carried by the lower actuator 20. The 
first and second actuators 16, 20 are moved relative to each other between a 
closed position wherein plastic charges in each mold cavity 24 are molded, 
and an open position permitting molded articles to be removed from and fresh 
plastic charges to be added to each mold cavity 24. 

10 The upper actuator 16 of each tooling pair includes a main body 30 

which may be formed of steel and for reduced weight may include an upper 
plate 32 rigidly connected to a lower plate 34 by one or more support walls 
36. A first upper follower 38 is rotatably carried by the upper plate 32 and in 
operation of the compression molding apparatus 10 is responsive to the 

15 profile or contour of a cam 40 to move the entire first actuator 16 toward the 
second actuator 20. A second upper follower 42 is carried by a bracket 44 
extending from the upper plate 32 and is axially spaced from the first upper 
follower 38. The second upper follower 42 is responsive to the contour of a 
cam 46 disposed axially beneath it to lift the first actuator 16 away from the 

20 second actuator and to maintain the first actuator away from the second 
actuator 20. 

The movement of the first actuator 16 is controlled by an upper cam 
assembly including at least the first and second upper followers 38, 42 and 
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their corresponding cams, 40, 46, and is guided by one or more linear 
bearings 48 disposed between the turret 12 and the first actuator 16. Each 
linear bearing 48 includes a rail 50 preferably fixed to the turret 12 and at 
least one block 52 preferably fixed to the first actuator 16 with each block 52 
5 slidably received for linear reciprocation along the rail 50 to permit linear 
reciprocation of the entire first actuator 16 relative to the turret. Desirably, 
two circumferentially spaced rails 50a, 50b are provided on the turret 12, 
each rail 50a, 50b preferably includes two opposed sides 54, 56 each having a 
groove or track formed therein. Each block 52 preferably contains a plurality 

10 of preloaded and recirculating balls 58 arranged to provide a tight fit without 
any clearance between the block 52 and rails 50a, 50b to improve control 
over the reciprocation of the first actuator 16 and to facilitate and maintain 
proper alignment of the first actuator 16 with the second actuator 20. The 
balls 58 are preferably arranged in each block 52 so that a plurality of balls 

15 are in contact with a track or side of the rail 50a, 50b at all times, and 
preferably so that a plurality of balls 58 contact each of the pair of opposed 
sides 54, 56 of each rail 50a, 50b at all times to eliminate any play between 
the blocks 52 and rails 50a, 50b. 

Desirably, two rails 50a, 50b are mounted on the turret for the first 

20 actuator, with each rail 50a, 50b extending parallel to the axis of rotation of 
the turret 12. In one preferred embodiment, three blocks 52 are carried by the 
main body 30 of the first actuator 16 with two blocks 52 on the rail 50a that 
leads the other rail 50b with respect to the direction of rotation of the turret 
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12, and one block 52 on the other rail 50b. The two blocks 52 on the leading 
rail 50a are preferably axially spaced and carried one by the upper plate 32 
and one by the lower plate 34 of the main body 30. The single block 52 
associated with the other rail 50b can be carried by either the upper plate 32 
5 or lower plate 34 as desired to guide movement of the first actuator 16 and to 
support the first actuator 16 against displacement due to lateral forces acting 
thereon. Desirably, the rails 50a, 50b associated with the first actuator 16 are 
circumferentially spaced apart along the turret 12 to increase the stability of 
the connection between the first actuator 16 and the turret 12, and to better 

10 resist movement or displacement of the first actuator 16 due to non-axial 
loading. Non-axial loading on the linear bearings 48 occurs, for example, 
when the upper followers 38, 42, which are radially offset from the linear 
bearings 48, engage a cam surface to drive the first actuator 16. Desirably, 
the rail 50b having only a single block 52 associated therewith can be shorter 

1 5 than the other rail 50a since that rail 50b only needs to extend the length of 
the stroke of the single block 52. 

The first actuator 16 of each tooling pair 14 carries at least one, and 
preferably a plurality of male mold sections 18. The male mold sections are 
preferably equally circumferentially spaced, and radially aligned with the axis 

20 of the turret 12. In the embodiment shown, four male mold sections 18 are 
carried by each first actuator 16 so that four plastic articles can be 
simultaneously molded by each tooling pair 14. Each male mold section 18 
includes a core assembly 60 that is carried by the main body 30 and 
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constructed and arranged to deliver and remove coolant from a mold core 1 8 
to control the temperature of the mold core 1 8 in use. 

As best shown in FIG. 5, 7, 27 and 27A 5 each mold core assembly 60 
includes a mold core 18 that preferably has an annular collar portion 64 that 
5 is threaded into one end of an annular outer sleeve 66 so that the core 18 
closes one end of the outer sleeve 66. The other end of the outer sleeve 66 is 
closed by a cap plate 68 having a through bore 70 which receives an inner 
tube 72 concentrically aligned with the outer sleeve 66. The inner tube 72 
extends through the cap plate 68 and the collar 64, and is preferably at least 

10 partially received in the mold core 18, preferably in a short conduit 73 carried 
in the mold core 18. A fluid fitting 74 is carried at one end of the inner tube 
72 and has an inlet 76 communicated with a coolant supply to deliver coolant 
to the mold core 18 through the inner tube 72. An annular inner sleeve 78 is 
disposed around the inner tube 72 and within the outer sleeve 66 and is 

15 received axially between the cap 68 and the mold core 18. The outer 
diameter of the inner sleeve 78 is preferably smaller than the inner diameter 
of the outer sleeve 66 providing an air gap 82 between them that helps 
insulate the outer sleeve 66 from the inner sleeve 78. 

A gap 84 likewise preferably exists between the inner tube 72 and the 

20 mold core 18. The gap 84 defines part of a coolant return passage that 
includes an annular chamber 86 defined between the inner sleeve 78 and 
inner tube 72, and an outlet 88 in the fluid fitting 74 through which coolant 
leaves the mold core assembly. Accordingly, coolant enters the mold core 
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assembly through the fitting 74, travels through the inner tube 72 to the 
interior of the mold core 18, and is returned via the gap 84 defined between 
the outer surface of the inner tube 72 and the inner surface of the mold core 
18, the annular chamber 86 between the inner sleeve 78 and the inner tube 72 
5 and the outlet 88 of the coolant fitting 74. To prevent coolant from entering 
the air gap 82, a seal 90 is preferably provided between the collar 64 and the 
inner sleeve 78 and the other end of the inner sleeve 78 is preferably sealed 
against the cap 68. A separate seal may be provided between the inner sleeve 
78 and the cap 68, or the inner sleeve 78 may be closely and sealingly 

10 received in an annular grove 91 in the cap 68 providing a fluid tight seal or 
connection between them. 

Each male mold section 18 also includes at least two neck ring 
sections or thread splits 92 that are disposed around a portion of each mold 
core 18 and preferably enclose at least a portion of the collar 64. The thread 

15 splits 92 define an annular chamber 94 surrounding the adjacent portion of 
the mold core 18 and include circumferentially extending grooves 96 that 
when filled with plastic define exterior threads 98 and a radially outwardly 
extending flange 99 on a molded plastic article 100. The chamber 94 defines 
a part of the mold cavity 24 in which a plastic article 100 is formed so the 

20 thread splits 92 act as female mold sections that with the core 1 8 and female 
mold section 22, define at least part of the mold cavity 24 in which plastic 
articles are formed. The thread splits 92 preferably include a 
circumferentially and axially extending tapered surface 102 (FIG. 17) 
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extending radially outward from a planar leading surface 104 to a base 106 
that extends radially outwardly from the tapered surface 1 02 defining a planar 
annular shoulder 108 between them. The thread splits 92 are formed in two 
or more pieces so that they may move laterally or radially relative to an axis 
5 of the mold core 18 to facilitate removing a formed plastic article 100 from 
the mold core 18. To facilitate cooling the thread splits, one or more coolant 
passages 109 (FIGS. 17-21) may be provided in the thread splits and through 
which a coolant may be passed. 

In the embodiment shown, the thread splits 92 are formed as two 

10 semi-annular halves that are driven radially between a fully open position (as 
shown in FIG. 20) wherein the thread splits 92 are separated from each other 
and spaced from the mold core 18, and a closed position (FIG. 17) wherein 
the thread splits 92 define a circumferentially complete annulus. 4 As best 
shown in FIG. 7, each of the thread splits 92 is fixed to a separate thread split 

15 block 110. Each thread split block 110 is slidably carried by a support plate 
112 through mating or interlocking slots 114, 116 and flanges 118, 120 
(FIGS. 5 and 6). As best shown in FIG. 4, each thread split block 110 
includes at least one follower 122 and is connected to a separate cam plate 
124 with each follower 122 disposed in a respective inclined cam track 126 

20 formed in the cam plate 124. 

As best shown in FIG. 5, each cam plate 124 is fixed to an elongate 
inner rod 128 that extends through the support plate 112 and the upper and 
lower plates 32, 34 of the main body 30. Each inner rod 128 is associated 
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with a first thread split follower 130 that is engageable with a cam surface to 
linearly reciprocate the inner rod 128 relative to the main body 30. 
Movement of the inner rod 128 drives the cam plate 124 relative to the 
followers 122 and thereby moves the followers 122 along the cam tracks 126 
5 of the cam plate 124. Movement of the followers 122 displaces the thread 
split blocks 110 relative to the support plate 112 and thereby moves the 
thread splits 92 radially relative to the axis of the mold core 1 8 between their 
open and closed positions, depending on the direction of movement of the 
inner rod 128. Preferably, the thread splits 92 can be moved between their 

10 open and closed positions (i.e. radially displaced relative to the axis of the 
core) without being axially moved. Accordingly, the axial movement of the 
inner rod 128 causes radial movement of the thread splits 92 between their 
open and closed positions. 

As best shown in FIGS. 4 and 5, two circumferentially adjacent inner 

15 rods 128 of a first actuator 16 are preferably connected to the same thread 
split follower 130 through a tie plate 132, so two thread split followers 130 
and two tie plates 132 are provided for the 4 inner rods 128 of each first 
actuator 16 in the embodiment shown. In this embodiment of the apparatus, 
the tie plates 132 are radially spaced apart providing an inner tie plate and an 

20 outer tie plate. Each inner rod 128 is preferably yieldably biased in a 
direction moving its respective cam plate 124 toward the support plate 112, 
such as by a spring 134 disposed between the cam plate 124 and support plate 
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112. Movement of the cam plates 124 in this direction moves the thread 
splits 92 to their closed position. 

Each set of thread splits 92 are driven axially relative to the mold core 
18 between their retracted position best shown in FIGS. 3, 5 and 6 and their 
5 advanced position shown in FIGS. 20 and 21 by another cam assembly. Each 
cam assembly includes an outer sleeve 136 that slidably receives a 
corresponding inner rod 128 and is slidably received through bushings 138 
carried by the upper and lower plates 32, 34 of the main body 30. Thus, each 
outer sleeve 136 is slidably movable relative to both the main body 30 and its 

10 respective inner rod 128. At one end, each outer sleeve 136 is connected to 
the support plate 112, such as by a split clamp 140 attached to the sleeve 136 
and fixed to the support plate 1 12. At its other end, the outer sleeve 136 is 
connected to a second thread split follower 142 that is responsive to the 
contour of a cam surface to drive the outer sleeve 136 axially. As best shown 

15 in FIG. 2, the second thread split follower 142 is preferably attached to a tie 
plate 144 that spans and connects a pair of adjacent outer sleeves 136 so that 
a single cam follower 142 is operable to axially drive two sets of thread splits 
92. Each outer sleeve 136 may be connected to its respective tie plate 144 by 
a split clamp 146 tightened around to the sleeve 136 and fixed to the tie plate 

20 144 such as by one or more machine screws. Like the tie plates 132 of the 
inner rods 128, the tie plates 144 of the outer sleeves 136 are preferably 
radially spaced apart providing an inner tie plate and an outer tie plate. 
Accordingly, the second thread split follower 142 of each tie plate 144 is 
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responsive to the contour of its cam surface during a portion of the rotation of 
the turret to axially reciprocate its respective pair of outer sleeves 136 relative 
to the main body 30 and thereby axially reciprocate the thread split assembly 
including the support plate 112, thread split blocks 110 and thread splits 92 
5 relative to the mold core 1 8 which is carried by the main body 30. Because 
separate actuating assemblies are used to drive the thread splits 92 laterally or 
radially between their open and closed positions and axially between their 
advanced and retraced positions, these movements can be controlled 
separately to provide greatly improved control of the process of stripping and 

10 removing a formed plastic article 100 from the mold core 18. 

As best shown in FIG. 4, to reduce the weight of the tooling, the 
support plate 112 can be formed of a relatively thin plate with upstanding 
cylindrical annular projections 150 providing an increased bearing and 
support area for the outer sleeves 136, as well as increased support area for 

15 the mold cores 62. As shown, the support plate 112 has eight upstanding 
projections 150, one for each outer sleeve 136 and one for each mold core 
assembly. The support plate 112 preferably carries bushings 152 surrounding 
the mold core assemblies to facilitate slidable movement of the support plate 
1 12 relative to the mold core assemblies. 

20 As best shown in FIGS. 2 and 8-11, the second actuator 20 of each 

tooling pair 14 includes a main body 154 and carries at least one and 
preferably a plurality of second or female mold sections 22 each of which 
define part of a separate mold cavity 24 for forming compression molded 
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plastic articles 100. Like the first actuator 16 of each tooling pair 14, the 
second actuator 20 is preferably coupled to the turret 12 by linear bearings 
156 permitting slidable linear reciprocation of the second actuator 20 relative 
to the turret 12. A pair of rails 158a,b are preferably mounted on the turret 12 
5 such as by a plurality of machine screws, and a plurality of blocks 160 are 
preferably carried by the second actuator 20 for reciprocation relative to the 
rails 150a. The main body 154 preferably includes a generally radially 
extending flange 162 for each block 160 carried by the main body 154 
providing a gap 164 between the main body 154 and the turret 12 that 

10 facilitates routing of coolant lines and alignment of the female mold sections 
22 with the mold cores 18. Like the first actuator 16, the second actuator 20 
may include two blocks 160 associated with the rail 158a that leads the other 
rail 158b in the direction of rotation the turret 12 with a single block 160 on 
the trailing rail 158b. The blocks 160 and rails 158a,b are preferably 

1 5 constructed in the same manner as set forth with respect to the first actuator 
16 and hence, will not be described further. 

As best shown in FIG. 10, a lower main follower 168 is rotatably 
carried on a shaft 170 fixed to the main body 154 and is engageable with a 
cam surface during a portion of each revolution of the turret 12 to reciprocate 

20 the second actuator 20 relative to the turret 12, along the rails 158a,b. An 
axially extending bracket 172 is preferably connected to the shaft 170 at one 
end and has a radially inwardly extending pin 174 fixed at its other end 
providing a safety or hold down cam follower for the second actuator 20. 
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The main body 154 includes at least one chamber 176, and preferably a 
plurality of chambers 1 76, each of which receives a separate female mold 
section 22 and related tooling. In the embodiment shown, the main body 154 
has four chambers 176 each coaxially aligned with one of the mold cores 18 
5 of the first actuator 16. 

Each female mold section 22 includes a cavity 178 that defines in part 
the mold cavity 24 for compression molding the plastic articles 100, and one 
or more fluid passages 180 through which coolant flows to and from the 
female mold section 22. Each female mold section 22 preferably includes a 

10 circumferentially continuous peripheral groove 182 adapted to receive a 
peripheral depending rim 184 of a mold ring 186 disposed on the female 
mold section 22 in assembly. The mold ring 186 includes an axially 
extending annular flange 188 (best shown in FIGS. 14 and 16) surrounding a 
central bore 190 that defines part of the mold cavity 24 in which the plastic 

15 articles 100 are formed. The female mold section 22 and mold ring 186 are 
contained within a cylindrical sleeve 192 that has a first end with a 
circumferentially continuous radially tapered inner surface 194 adapted to 
engage and align the thread splits 92 with the sleeve 192 and hence, with the 
female mold section 22. At its other end, the sleeve 192 is received on a 

20 spring plate 196 that is acted on by one or more springs 198 disposed 
between the spring plate 196 and a base 200 of the chamber 176. 
Accordingly, the sleeve 192 is yieldably biased to an extended position 
tending to move the sleeve 192 out of the chamber 176 and toward the first 
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actuator 16, and is displaced toward and against the springs 198 when 
engaged by the thread splits 92. In its extended position, the sleeve 192 is 
engaged by and facilitates aligning the thread splits 92 and mold core 1 8 with 
the female mold section 22 earlier in the compression stroke of the mold 
5 tooling. Each sleeve 192 is retained in its chamber 176 by a plate 199 
connected to the main body 154 and engageable with an outwardly extending 
rim 201 on the sleeve 192. 

Coolant is supplied to the female mold section 22 through a coolant 
block 202 received in an elongate or generally rectangular opening 204 

10 communicating with the exterior of the main body 154 and having 
appropriate fluid conduit receiving bores 206 for connection to supply and 
return fluid conduits. Each coolant block 202 is fixed to an extension rod 208 
which in turn is fixed to a spacer 210 leading to the female mold section 22 
such that aligned passages 212 in the block 202, extension rod 208 and spacer 

15 210 provide fluid flow into and out of the passages 180 in the female mold 
section 22. The extension rod 208 may include transverse passages 214 or 
grooves through which coolant may be directed to the coolant passages of 
another female mold section 22, such as the immediately adjacent and 
radially aligned (relative to the axis of the turret) mold section 22 in the main 

20 body 154. The extension rod 208 and spacer 210 are preferably co-axially 
disposed within the sleeve 192 and relative to the female mold section 22, 
and the mold section 22, extension rod 208 and spacer 210 are preferably 
maintained in alignment by the sleeve 192 and relative to the female mold 
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section 22, with the sleeve 192 ensuring and maintaining their alignment. 
The sleeve 192 also provides a bearing surface for these components which 
can slide axially relative to the sleeve. The sleeve 192 can also slide axially 
relative to the female mold section 22 and related tooling. 
5 A fluid cylinder 216, such as a nitrogen gas spring, has a plunger 218 

disposed in line with the extension rod 208. The plunger 218 is acted on by 
pressurized fluid contained in the cylinder 216 and is adapted to move and to 
be responsive to movement of the female mold section 22, spacer 210 and 
extension rod 208 as will be discussed in more detail below. The fluid 

10 cylinder 216 is preferably charged through an inlet valve fitting 220 adapted 
to receive a conduit communicating with a suitable source of pressurized 
fluid, such as pressurize nitrogen gas. The fitting 220 preferably includes a 
check valve so that when the fluid cylinder 216 is charged with a pressurized 
fluid, the pressure therein is maintained without continuous communication 

1 5 with the pressurized fluid source. 

A lock assembly 222 is preferably carried by the first and second 
actuators 16, 20 to permit the actuators 16, 20 to be retained together in their 
closed position as a charge of molten plastic is being compression molded. 
As shown in FIGS. 4-6, the first actuator 16 of each tooling pair 14 preferably 

20 includes a locking rod 224 fixed to the main body 30 at one end and including 
an inverted "T-shaped" key 226 at its other end. The key 226 includes a 
reduced diameter section defining a pair of oppositely facing flat sections 228 
and a pair of laterally outwardly extending flanges 230 at the distal end of the 
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key 226. The locking rod 224 is preferably centered between the mold cores 
18 and relative to the main body 30 of the first actuator 16. 

As shown in FIGS. 8-10, 24 and 25, the second actuator 20 of each 
tooling pair 14 includes a central bore 232 axially aligned with the locking 
5 rod 224 carried by the first actuator 16 and adapted to slidably receive the 
locking rod 224 therein. The main body 154 of each second actuator 20 also 
includes a transverse bore 234 intersecting the bore 232. A tubular barrel 236 
is disposed in the transverse bore 234 and a cam actuated slide bar 238 is 
slidably received within the barrel 236 with a free end extending out of the 

10 transverse bore 234. The barrel 236 is preferably closely received in the 
transverse bore 234 and has a transverse through hole 240 aligned with the 
bore 232 and adapted to receive the key 226 of the locking rod 224 therein. 
The slide bar 238 has a cam follower 242 attached to its free end that is 
responsive to the contour of a cam surface 243 to move the slide bar 238 

15 within the barrel 236 and transverse bore 234. The slide bar 238 also has a 
contoured slot 244 formed between its ends, extending through the slide bar 
238 and aligned with the bore 232 and through hole 240 in assembly. The 
slot 244 includes an entrance portion 246 having a width sufficient to receive 
the key 226 of the locking rod 224, and specifically wide enough to receive 

20 the outwardly extending flanges 230 at the end of the key 226, and a narrower 
retaining portion 248 having a width that is less than the width of the key 226 
in the area of the flanges 230, but greater than the width of the key 226 in the 
area of the flat sections 228 above the flanges 230. As best shown in FIGS. 
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24 and 26, the slide bar 238 is recessed in the area of one side of the slot 244 
providing a gap 249 between the slide bar 238 and barrel 236 adapted to 
receive the flanges 230 of the key 226 when the actuators 16, 20 are closed 
together. A blind bore 250 axially aligned with the bore 232 receives a spring 
5 252 maintained therein by a cage 254 extending partially into the barrel 236 
and the slot 244 of the slide bar 236. In its uncompressed or extended state, 
as shown in FIG. 24, the spring 252 and cage 254 maintain the entrance 
portion 246 of the slot 244 generally aligned with the bore 232. 

To lock together the first and second actuator 16, 20, the main bodies 

10 30, 154, respectively, of the first and second actuators 16, 20 are moved 
together so the locking rod 226 is received within the bore 232. As best 
shown in FIG. 25, full advancement of the first actuator 16 and second 
actuator 20 toward each other engages the locking rod 226 with the spring 
252 and cage 254 and compresses the spring 252 so that the cage 254 is 

15 moved clear of the slide bar 238, enabling movement of the slide bar 238 
relative to the barrel 236 and locking rod 224. The key 226 of the locking rod 
224 is received in the entrance portion 246 of the slot 244 until the outwardly 
extending flanges 230 of the key 226 are received in the gap 249 on the lower 
side of the slide rod 238. To prevent withdrawal of the locking rod 224 from 

20 the bore 232, the slide bar 238 is displaced laterally outwardly so that the 
retaining portion 248 of the slot 244 is registered with the flat sections 228 of 
the locking rod 226 and the slide bar 238 overlies the outwardly extending 
flanges 230 of the key 226. This prevents axial movement of the locking rod 
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224 relative to the slide bar 238. 

Preferably, the lateral movement of the slide bar 238 is controlled by 
engagement of the follower 242 with one or more cam surfaces during the 
desired portion of the rotation of the turret 12. Also preferably, the locking 
5 rod 224 and bore 232 are provided centered between the mold cavities 24 of 
each tooling pair 14 so that the forces tending to separate the first and second 
actuators 16, 20 act axially through the locking rod 224 to reduce the 
likelihood of bending or misalignment of the tooling and actuators. Put 
another way, the locking rod 224 preferably extends along the centerline of 

10 the forces tending to separate the first and second actuators 16, 20 when they 
are locked together. The locking rod 224 is therefore under tension when the 
actuators 16, 20 are locked together with the tension force in the locking rod 
224 preferably extending along its axis. 

When it is desired to unlock the first and second actuators 16, 20, the 

15 first actuator 16 is moved further toward the second actuator 20 removing the 
flanges 230 of the locking rod 224 from direct engagement with the slide bar 
238 so that the slide bar 238 can be retracted until the entrance portion 246 of 
the slot 244 is aligned with the flanges 230. In this orientation the locking 
rod 224 can be removed from the slot 244 and bore 232. 

20 In operation, the turret 12 rotates continuously at constant angular 

velocity. During a portion of a revolution of the turret 12 the first and second 
actuators 16, 20 are brought into engagement with upper and lower main cam 
assemblies 260, 262 defined at least in part by arcuate cam plates carried by a 
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frame 264 adjacent the periphery of the turret 12. The cam plates extend 
along a portion of the periphery of the turret 12 and include cam paths for the 
various followers on the first and second actuators 16, 20 to control 
movement of the actuators 1 6, 20 relative to each other, and the thread splits 
5 92 relative to the mold cores 18 as will be discussed in more detail below. 

The upper main cam assembly 260 (FIGS. IB, 29 and 30) includes a 
central cam plate 266 with cam surfaces disposed to engage the first and 
second upper followers 38, 42, respectively. At one end of the central plate 
266, a hold down cam surface 268 is provided for engagement with the first 

10 upper follower 38 to facilitate unlocking the actuators 16, 20 as will be 
discussed in more detail below. A groove 270 adjacent to the hold down cam 
surface 268 receives the second upper follower 42. Spaced downstream 
(relative to the direction of turret rotation) from the hold down cam surface 
268 is a hold up cam surface 272 formed by a groove 273 in the central cam 

15 plate 266 that is adapted to receive the second upper follower 42 to maintain 
the vertical or axial position of the first actuator 16 main body 30 so that the 
thread splits 92 can be driven relative to the main body 30. Downstream of 
the hold up cam surface 272 is a main upper closing cam surface 274 
engageable with the first main follower 38 to move the first actuator 16 

20 toward the second actuator 20. As shown in FIG. 29, the cam surfaces 268, 
272, 274 along the central plate 266 may each be provided on separate plates 
or modules fixed to the central plate 266, with appropriate adjustable 
mounting mechanisms to enable accurate positioning and alignment of the 
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plates or modules and cam surfaces. Providing the cam surfaces 268, 272, 
274 on separate plates or modules facilitates changing out the cam surfaces 
for repair or replacement, and also permits different cam modules or plates to 
be installed to change the shape of the cam paths and cam surfaces and 
5 thereby change the movement of the first actuator 16 of each tooling pair 14. 
The cam surfaces 268 and 274 are examples of cams referred generally to as 
reference number 40 and as shown generally in FIG. 5. Cam surface 272 is 
an example of a cam referred generally to as reference number 46 and as 
shown generally in FIG. 5. 

10 To drive the first and second thread split followers 130, 142, an inner 

set of cam plates 280 and an outer set of cam plates 282 are mounted on the 
central cam plate 266. Both the inner set and outer set of cam plates 280, 282 
define a pair of separate cam paths 284, 286. A first cam path 284 in each set 
of plates 280, 282 is adapted to receive the first thread split 130 followers of 

15 the first actuator 16 with the follower 130 carried by the inner tie plate 132 
received in the cam path 284 of the inner set of cam plates 280 and the 
follower 130 carried by the outer tie plate 132 received in the cam path 284 of 
the outer set of cam plates 282. Likewise, a second cam path 286 in each of 
the inner and outer sets of cam plates 280, 282 is adapted to receive the 

20 second thread split 142 followers of the upper actuator 16, with the second 
follower 142 of the inner tie plate 144 received in the second cam path 286 of 
the inner set of cam plates 280 and the second follower 142 carried by the 
outer tie plate 144 received in the second cam path 286 of the outer set of 
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cam plates 282. The cam paths 284, 286 are preferably formed as a track or 
groove in the cam plates 280, 282 that extend generally circumferentially and 
perpendicular to the axis of the turret 12, and have axially sloped cam 
surfaces that drive the followers 130, 142 axially to move the first actuators 
5 16 or thread splits 92 as desired. The cam paths 284, 286 are preferably 
defined in plates or modules that are separately attached to the central cam 
plate 266 or apparatus frame 264. Providing the cam paths 284, 286 in 
separate plates or modules facilitates changing the plates for maintenance, 
repair or to provide differently oriented cam paths to change the movement of 

10 the thread splits 92. Preferably, as noted above, the thread splits 92 can be 
driven between their open and closed positions independently of being driven 
between their advanced and retracted positions. This provides control over 
the movement of the thread splits 92 as formed plastic articles 100 are 
stripped and removed from the mold cores 18 and enables changing of path 

1 5 and timing of movement of the thread splits 92 as desired for a given plastic 
article 100 or manufacturing process. 

The lower main cam assembly 262 includes an arcuate lower cam 
plate 290 having an outer surface 292 with axially sloped cam surfaces 
adapted to engage the lower main follower 168 of the second actuator 20. A 

20 corresponding groove 294 formed in the lower cam plate 290 is preferably 
evenly axially spaced from the outer surface 292 and defines a cam path for 
the pin follower 174 that may be used as a safety cam to ensure that the 
second actuator 20 remains adjacent to or in contact with the lower cam plate 
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290. The cam surfaces of the lower cam plate 290 include at least a lift off 
cam surface 295, a lower opening cam surface 296, a lower closing cam 
surface 297 and a set down cam surface 298. The various cam surfaces 295, 
296, 297, 298 of the lower cam plate 290 can be formed on separately 
5 attached plates or modules to facilitate replacement, repair or changing of the 
cam profiles. The lower cam plate 290 is generally circumferentially aligned 
with the upper main cam assembly 260 so that the main cam assemblies 260, 
262 are encountered by their respective actuators 16, 20 during the same 
portion of the turret revolution 12. 

10 Desirably, the upper and lower main cam assemblies 260, 262 are 

positioned along an arc of about 80 to 110 degrees along the circumference of 
the turret 12. During this portion of the turret's rotation as the actuators 16, 
20 are passed along the cam assemblies 260, 262, the actuators 16, 20 are 
unlocked and opened, formed articles 100 are stripped from the mold cores 

15 and removed by a take out mechanism, fresh plastic charges are delivered to 
the mold cavities 24, and the actuators 16, 20 are closed, locked back together 
and set down onto a bracket (not shown) on the turret 12 where they remain 
for the rest of the turret's rotation as the articles 100 are molded. 

As best shown in FIGS. 29 and 30, to unlock the actuators 16, 20 and 

20 permit their relative movement in accordance with the main cam assemblies 
260, 262, an unlock cam surface 300 is disposed at an upstream end of the 
cam assemblies 260, 262. The unlock cam surface 300 is preferably defined 
in a track 302 formed in plate 304 carried by a bracket 306 fixed to the frame 
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264 so that the track 302 receives the slide bar follower 242 to move the slide 
bar 238 to its retracted position and permit the actuators 16, 20 to be 
separated as discussed above. As best shown in FIGS. 29 and 30, to lock the 
actuators 16, 20 together after they are closed during a compression stroke of 
5 the molding process, a locking cam surface 308 is provided at the 
downstream end of the cam assemblies 260, 262. The locking cam surface 
308 is preferably defined in a track 310 formed in plate 312 carried by a 
bracket 314 fixed to the frame 264 so that the track 310 receives the slide bar 
follower 242 to move the slide bar 238 to its advanced or extended position 

10 and permit the actuators 16, 20 to be separated as discussed above 

As best shown in FIGS. 1 and 2, during a portion of each turret 12 
revolution, the actuators 16, 20 are moved to their open position spaced from 
each other to receive a charge or pellet of plastic in the cavity 178 of each 
female mold section 22. After the charges of plastic are delivered to the 

15 female mold sections, continued rotation of the turret 12 engages the main 
followers 38, 168 of both the first and second actuators 16, 20 with their 
respective closing cam surfaces 274, 297 which are sloped toward each other 
to cause the actuators 16, 20 to move toward each other in a compression 
stroke phase of the forming process. As best shown in FIG. 28, in this 

20 embodiment, the lower closing cam surface 297 is offset from the upper 
closing cam surface 274. So, the second actuator 20 begins moving toward 
the first actuator 16 before the first actuator 16 moves toward the second 
actuator 20. Also, the second actuator 20 stops moving toward the first 
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actuator 16 before the first actuator 16 stops moving toward the second 
actuator 20. A more detailed discussion of the movement of the actuators 16, 
20 and the relative positions of the male mold sections 18 and female mold 
sections follows below. 
5 As the first and second actuators 16, 20 are advanced toward each 

other each set of thread splits 92 is in its closed and advanced position, as 
shown in FIG. 21, which is the position the thread splits 92 are in after a 
previously formed article 100 has been removed from the mold core 18. As 
shown in FIG. 28, as the turret 12 rotates and the first upper follower 38 

10 engages the upper closing cam surface 274, the second thread split follower 
142 also engages a thread split advancing cam surface 320 so that the thread 7 
splits 92 are advanced toward the second actuator 20, preferably at the same 
time and at the same rate as the first actuator 16 to maintain the thread splits 
92 in their advanced position relative to the mold core 18. Continued 

15 movement of the first actuator 16 and thread splits 92 engages the outer 
tapered surface 102 of the thread splits 92 with the inner tapered surface 194 
of the sleeve 192 to ensure proper alignment of the actuators 16, 20 during the 
compression stroke. 

After the thread splits 92 are seated on the sleeve 192 with the 

20 shoulder 108 engaged with the upper end of the sleeve 192, continued 
rotation of the turret 12 engages the second thread split followers 142 with a 
holding cam surface 322 that is preferably perpendicular to the direction of 
movement of the thread splits 92 between their advanced and retracted 
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positions so that the thread splits 92 are not moved further toward the second 
actuator 20. Preferably, as shown in FIGS. 28 and 29, at or about this same 
time, the lower closing cam surface 297 ends and the lower main follower 
168 traverses a lower holding cam surface 324 that extends generally 
5 perpendicular to the linear bearings so that the second actuator 20 is no longer 
advanced toward the first actuator 16. 

When the second thread split followers 142 and the lower main 
follower 168 initially engage their respective holding cam surfaces 322, 324, 
the first upper follower 38 is still engaged with and moving along the upper 

10 closing cam surface 274 causing the first actuator 16 to move towards the 
second actuator 20. This also moves the mold core 18 relative to the thread 
splits 92 and, as shown in FIG. 12, disposes the free end of the mold core 18 
into the cavity 178 of the female mold section 22 and engages the mold core 
18 with the thread splits 92 to close the mold cavity 24. When the first upper 

15 follower 38 reaches the end of the upper closing cam surface 274 and reaches 
an upper hold down cam surface 326, that maintains the position of the first 
actuator 16 without further advancing it toward the second actuator 20, the 
first and second actuators 16, 20 are fully closed together. The advancement 
of the mold core 18 into the mold cavity 178 compresses and displaces the 

20 plastic material therein causing the plastic to flow within and fill the mold 
cavity 24, including the area between the thread splits 92 and the mold core 
18. In this area, external threads 98 and a radially outwardly extending flange 
99 are formed on the plastic article. 
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With the first and second actuators 16, 20 fully closed, the locking rod 
224 is fully received in the bore 232 with its key in the slot 244 in the slide 
bar 238. Continued rotation of the turret 12 engages the lock follower 242 
with the locking cam surface 308 (FIGS. 28 and 30) to move the slide bar 238 
5 relative to the locking rod 224 to the position shown in FIG. 25 with a portion 
of the slide bar 238 overlying the flanges 230 of the locking rod 224. In this 
position, the slide bar 238 prevents withdrawal of the locking rod 224 from 
the bore 232, and holds the first and second actuators 16, 20 together. Now, 
the loads on the upper and lower main followers 38, 168 that were applied by 

10 the holding cams to maintain the actuators 16, 20 closed, can be removed. In 
other words, no holding cams are needed for the remainder of the 
compression molding portion of the turret 12 revolution. This removes the 
load on the apparatus frame 264, with the compression molding forces and 
the reactionary forces tending to separate the first and second actuators 16, 20 

15 acting on and resisted by the lock assembly 222 and the actuators 16, 20. 
After being locked together, the actuators 16, 20 encounter the set down cam 
surface 298 in the lower cam plate 290 which lowers the locked together 
actuators 16, 20 onto a bracket 328 (FIG. IB) carried by the turret 12 with the 
bracket 328 supporting the actuators 16, 20 until further cams are encountered 

20 to lift off bracket 328, unlock and open the actuators. At least one of the first 
and second actuator includes a support such as flange 329 (FIG. 10) adapted 
to engage the bracket 328. 

As the turret 12 rotates further, the plastic charge in each mold cavity 
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24 is compression molded, and begins to cool and cure. As the plastic cools, 
it shrinks or contracts and its volume is reduced. To maintain a desired 
compression force in each mold cavity 24, the fluid cylinder 216 urges and 
moves the female die section 22 toward the male core 18 as the plastic 
5 volume reduces. As shown in FIGS. 15 and 16, in the embodiment shown, 
the upward movement of the female mold section 22 engages the mold ring 
flange 188 with the radially outwardly extending flange 99 being formed on 
the preform and provides a groove 330 or undercut in the flange 99 of the 
plastic preform. 

10 After the plastic preforms are compression molded, they need to be 

removed from the mold cavities 24 and from the mold cores 18. To do this, 
as shown in FIG. 28, continued rotation of the turret 12 engages the lower 
main follower 168 with the lift off cam surface 295 of the lower cam plate 
290 that raises the locked together actuators 16, 20 off of the support bracket 

15 328. Further turret 12 rotation brings the upper main follower 38 into 
engagement with the hold down cam surface 268 on the central cam plate 266 
to move the first actuator 16 slightly further toward the second actuator 20 
and thereby relieve the tension force on the locking rod 224. Further turret 12 
rotation engages the lock follower 242 with the unlock cam surface 300 

20 which moves the slide bar 238 to its retracted position and aligns the entrance 
portion 246 of the slot 244 with the locking rod 224 so the locking rod 224 
can be withdrawn from the bore 232 when desired. 

After the lock assembly 222 is unlocked, further turret 12 rotation 
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engages the first and second thread split followers 130, 142 with respective 
opening cam surfaces 334, 336 in their cam paths 284, 286 moving the first 
actuator 16 away from the second actuator 20. Preferably at or about this 
same time, the lower main follower 168 encounters the lower opening cam 
5 296 and the second actuator 20 moves away from the first actuator 16. As the 
actuators 16, 20 are opened, the formed articles 100 must be stripped and 
removed from the tooling and fresh charges of plastic must be delivered to 
each mold cavity 24. 

Removal of the formed articles 100 from the tooling will be described 

10 with reference to FIGS. 17-21 and also FIGS. 28-30 for reference to the cam 
surfaces. As the actuators 16, 20 are moved toward their fully open positions, 
each formed article is carried by its associated thread splits 92 and mold core 
18. Rotation of the turret 12 engages the second thread split follower 142 
with a cracking cam surface 338 that initially axially moves the thread splits 

15 92 relative to the mold core 18 toward their fully advanced position to release 
or crack the article 100 off of the mold core 18. After or as the article 100 is 
moved slightly relative to the core 18, the first thread split follower 130 is 
engaged with a cracking cam surface 340 that initially laterally separates the 
thread split halves 92 a first distance from each other and loosens their 

20 connection to the article 100, as shown in FIG. 18. As shown in FIG. 19, 
although the thread splits 92 have been separated, they are still close enough 
together to carry the article 100 as the thread splits 92 are further advanced 
relative to the mold core 1 8 by engagement of the second thread split follower 
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142 with an appropriate cam surface 342 and the article 100 is removed from 
the mold core 18. When the mold core 18 is clear of the article 100, the first 
thread split follower 130 engages a thread split opening cam surface 344 that 
moves the thread splits 92 to their fully open position, as shown in FIG. 20, to 
5 release the article 100 from the thread splits 92. 

After the article is clear of the thread splits 92, they can be moved 
back to their closed position, as shown in FIG. 21, by engaging the first 
thread split follower 130 with a thread split closing cam 346 (FIG. 28) so that 
the thread splits 92 are in position to begin the next compression stroke. The 

10 second thread split follower 142 travels along an ejection following cam 348. 
Preferably, the springs 134 disposed around the inner rods 128 ensure that the 
thread splits 92 are returned to their closed positions before the next 
compression stroke to avoid potential damage to the tooling if the thread 
splits 92 are not closed and are advanced toward the second actuator 20. For 

15 example, even if the first thread split follower 130 associated with a given set 
of thread splits 92 became broken so the follower 130 did not engage a cam 
surface to drive the thread splits 92 to their closed position, the thread splits 
92 would be closed by the force of the springs 134. 

In one presently preferred aspect of the invention as shown and 

20 described, the actuators 16, 20 are protected from serious damage by several 
features or mechanisms. First, the mold core assemblies 60 are preferably 
mounted to the main body 30 by a releasable coupler. In one presently 
preferred embodiment, as best shown in FIGS. 4 and 7, shear plates 350 are 
fixed to the main body, such as by screws, to releasably mount the mold core 
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assemblies 60 to the main body 30. More specifically, each cap 68 preferably 
includes a radial flange 352 overlying an annular retainer 354 carried by the 
lower plate 34. Each retainer 354 has a slot 356 to receive part of a shear 
plate 350 which preferably also extends into an aligned slot 358 in the cap 68. 
5 Thus, in normal operation, the mold core assembly is prevented from moving 
relative to the main body 30. Should undue loads be exerted on the first 
actuator 16 via a mold core 18, due to a tooling crash or presence of an 
obstruction between the mold core 18 and female mold section 22, the shear 
plates 350 are designed to break to free the mold core 18 from the main body 

10 30 before the cam plates and followers are damaged The shear plates 350 are 
easier and less costly to fix and the mold cores 18 are easier and less costly to 
remount to the main body 30 than repairing or replacing the cam plates. 
Also, if an obstruction exists between the core 18 and female mold section 22, 
the female mold section 22 can be displaced against the fluid cylinder 216 to 

15 prevent damage to the mold core 18 or female mold section 22. Of course, 
break-away or releasable couplings other than shear plates can be used 
between the mold cores and main body to protect the tooling. 

Next, if the thread splits 92 remain in their open position during the 
compression stroke, as shown in FIG. 22, they will engage the free end of the 

20 sleeve 192 instead of being received within the sleeve 192. As shown in FIG. 
23, continued movement of the first and second actuators 16, 20 toward each 
other will displace the sleeve 192 against the bias of the springs 198 desirably 
without breaking or damaging the thread splits 92 or sleeve 192. The stroke 
of the thread splits 92 relative to the sleeve 1 92 is preferably such that in this 
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situation the mold core 18 does not "bottom out" or engage the bottom of the 
cavity 178 of the female mold section 22 to reduce the chance that the mold 
core 18 or female mold section 22 will be damaged. Desirably, even if the 
mold core 18 does engage the female mold section 22, the female mold 
5 section 22 can be moved against the fluid cylinder 216, as noted above, to 
reduce the chances that the tooling will be damaged. 

While certain preferred embodiments and constructions and 
arrangements of particular components of the compression molding apparatus 
and method have been shown and described herein, one of ordinary skill in 

10 this art will readily understand that modifications and substitutions can be 
made without departing from the spirit and scope of the invention as defined 
by the appended claims. For example, without limitation, while in the 
presently preferred embodiments the rails of the linear bearings are disclosed 
as being carried by the turret 12 and the blocks are carried by the actuators, 

15 the blocks could be carried by the turret 12 and the rails carried by the 
actuators. Further, relative adjectives like "upper," "lower," "central," are 
used to describe features of the apparatus and method with respect to the 
position and orientation of such features as shown in the accompanying 
drawings of the presently preferred embodiments. 
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